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The objective of this study was to investigate the effect of storage temperature and time on

nutrients, bioactive compounds, and antioxidant activities of walnut male inflorescences.

The results showed that the moisture, saccharides, fat, protein, amino acids, ascorbic acid,

phenolic and flavonoid compound contents, and antioxidant activities of walnut male

inflorescences were markedly influenced by storage temperature, and different degrees of

decrease in these parameters were observed during the entire storage period. Moreover,

higher storage temperature had a more significant effect on the nutrients, bioactive

compounds, and antioxidant activities of walnut male flowers, and the loss rate of these

components at 25�C was higher than that determined at 4�C. However, the results also

presented that the ash and mineral contents did not appear to be influenced significantly

by the storage temperature, and slightly significant changes were observed in crude fiber

throughout storage, which indicated that the influence of storage on the individual mineral

and crude fiber content was minimal. Based on the findings in this study, in order to

maximize nutrients concentration, walnut male inflorescences should be kept at 4�C for <6

days and be consumed as fresh as possible.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The quality of horticulture products is a combination of at-

tributes, properties, and characteristics that give each com-

modity value in terms of human food. Consumers are

concerned primarily about the color and flavor of dietary

components, as well as aspects of nutritional quality that

include energy, vitamins, minerals, dietary fiber, and the

many bioactive compounds that enhance human health [1].

During postharvest storage, soluble sugars, organic acids, and

the solid/acid ratio are important components of fruit quality
rticulture, Agriculture C
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/licenses/by-nc-nd/4.0/).
that can be affected by both internal and external factors [2].

Senescence is the most important internal factor, whereas

temperature plays a major role in causing horticulture com-

modity senescence [3e5]. Low temperature (LT) is the most

effective way to delay postharvest ripening and deterioration

of horticultural crops and to schedule ripening according to

marketing needs [6]. During this period, the main sources of

damage to products are physiological disorders, such as

senescence and water loss by evaporation, and pathogenic

diseases. LT is usually chosen to extend storage life and

maintain fruit and vegetable quality during postharvest
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storage, when the quality of horticulture crops declines

gradually [6,7]. Generally speaking, products can maintain

greater flesh firmness and higher concentrations of organic

matter and vitamin levels because most enzyme activities

decrease and the expression ofmany genes is inhibited during

cold storage [8].

Walnut male inflorescence, a traditional vegetable in the

minority ethnic areas of Guizhou province and Yunnan

Province, China, can be used as an ingredient in fried dishes,

soup, and Chinese vegetable salads. It is also a good source of

quality nutrients that include energy, vitamins, minerals, di-

etary fiber [9,10], and many bioactive compounds, such as

phenols and flavonoids [11,12], which provide remarkable

antihypoxic, anti-inflammatory, antioxidant, antidepressant,

and antihemolytic activities in safe doses [12e14]. Moreover,

the alcoholic extract of walnut male flowers can increase

serum levels of insulin, and decrease blood glucose levels in

diabetic rats [14]. Therefore, the male inflorescence of walnut

was also known as longevity food in China. In addition, there

are about 2000 male flowers in every adult walnut tree, which

could translate to a harvest yield of about 1,000,000 tons every

year in China. Furthermore, it blooms in the early spring,

which results in less pollution because there was fewer dis-

eases and pests in this time. As a result, it has been used and

exploited by some companies as a natural edible flower

resource, which can be used as seasonal fresh vegetable or

dehydrated vegetable. In general, dried vegetables have

several disadvantages such as bad mouth taste and loss of

nutrients during the dried progress, and people prefer dishes

made from fresh walnut male flowers. However, consumers

usually place them in plastic bags and do not remove the field

heat of flowers by using pre-chill treatment. As the same time,

walnut male flower has a short postharvest life compared

with other horticulture crops such as fruits and some vege-

tables. During postharvest storage, it easily decays and

consequently loses much of its commodity value. However,

little information is available on nutrition change about wal-

nut male flowers in postharvest storage. Such knowledge is of

great importance in developing storage strategies designed to

maintain walnut flower quality in postharvest storage and

thus extend its shelf life and increase its value. The main

objective of the present research was to investigate the vari-

ation of sensory characteristics, the common nutritional

components (proteins, fats, saccharides, minerals, vitamins,

etc.), and the changes in total phenolic and flavonoid contents

as well as antioxidant properties of male flowers of Juglans

sigillata stored at different time intervals at room temperature

and LT.
2. Material and methods

2.1. Plant materials and treatments

Walnut male inflorescences at flowering stage (J. sigillata cv.

“Qianhe-7”) were harvested from Shuitang farm (27�130 N,

104�710 E) in Hezhang county, China. The evaluation criterion

for the flowering stage was made based on the method

described by Wang et al [10]. About 3 kg of fresh male flowers

was handpicked, and carewas taken to pick only those of good
quality. The flowers were transported in an ice box to the

Technology and Engineering Research Center of Fruit Crop,

Guizhou University, southwest of China. The samples were

divided into two sets and placed in clean enamel disk sealed

with a plastic wrap. The first set was stored at ambient tem-

perature (about 25± 2�C), and the other was stored at 4± 0.2�C
in a refrigerator. The relative humidity was maintained at

85± 5% for all samples. Three biological replicates per storage

temperature and duration were taken on sampling Days 0, 2,

4, 6, 8, 10, 12, and 14. The quality parameters measured in the

three biological replicates were sensory properties, proximate

indexes (ash, protein, fat, total soluble sugars, starch, dietary

fiber), minerals (K, P, Ca, Mg, Fe, Mn, and B), amino acids,

bioactive compounds, and antioxidant activity.

2.1.1. Reagents and standards
Test reagents, standard compounds, and solvents were ob-

tained from sources as previously described [10].

2.2. Sensory properties

This evaluation session was based on the color, flavor (the

inherent aroma of walnut male flowers), retained freshness,

and degree towhich the original shapewasmaintained (retain

freshness, whether or not deterioration occurred).

2.3. Proximate analysis

The ash content was determined by incinerating the samples

in a furnace at 525�C for 4 hours until a constant weight was

obtained [15]. The protein content was obtained from the total

nitrogen content by multiplying by 6.25, as estimated using

the Kjeldahl method [15]. The fat was extracted using the

soxhlet refluxing apparatus, with petroleum ether to extract

the lipid [15]. The contents of total soluble sugars and starch

were analyzed using themethod of anthrone colorimetry. The

content of total dietary fiber was determined using an acid-

ebase scrubbing method by refluxing in sulfuric acid (1.25%)

and potassium hydroxide (1.25%) [16]. All samples were un-

dertaken in three replicates.

2.4. Mineral analysis

To determine the contents of nitrogen (N), potassium (K), and

phosphorous (P), 0.50 g oven-dried powder of the sample was

digested in flask using a diluted oxidant mixture (8 mL

H2SO4þ 10 mL H2O2þ 1 mL H2O). The temperature was

increased gradually, starting from 50�C and increasing up to

200e220�C. The digestion was completed in about 45e50 mi-

nutes as indicated by the appearance of a transparent liquid

mixture. After complete digestion and cooling, the solution

was diluted to 50 mL with ultrapure water. The contents of N,

K, and P were analyzed using the Kjeldahl method, flame

photometry method, and spectrophotometric method,

respectively. The total N content was expressed as crude

protein. The contents of boron (B), calcium (Ca), iron (Fe), zinc

(Zn), manganese (Mn), copper (Cu), and magnesium (Mg) were

analyzed according to the method described by the Associa-

tion of the Official Analytical Chemists [15]. About 1.0 g of

sample was incinerated in the muffle furnace (SX2-2.5-12;

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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Boxun Industry & Commerce Co., Ltd., Shanghai, China) for 4

hours. The ash was dissolved by hydrochloric acid (6 mol/L)

and diluted to 50 mL with ultrapure water. The content of B

was measured using the spectrophotometric method. The

contents of Ca, Fe, Zn, Mn, Cu, and Mg were evaluated by

atomic absorption spectrophotometer (TAS-990; PERSEE, Bei-

jing, China). All samples were analyzed in five replicates.

2.5. Amino acids analysis

To determine the content of amino acids, acid hydrolysis was

performed on proteins. Briefly, accurately weighed samples

(500 mg) were hydrolyzed in 10 mL of 6M HCl and heated at

110�C for 24 hours. The hydrolyzed product was vacuumed

and filtered, and then diluted to 50 mL in a volumetric flask

[17]. Next, 2mL of the solutionwas concentrated in the oven at

60�C; the concentrated samples were dissolved in 2 mL borate

buffer and agitated for 15 seconds, then filtered through a

Millipore syringe filter (0.45 mm filter). Total amino acids

(TAAs) were separated and quantified by injecting a 20 mL

sample of this solution into the column of the automatic

amino acid analyzer (A-300; MembraPure GmbH, Berlin,

Germany).

The automatic amino acid analytic system was equipped

with an eluent unit, an autosampler, amain unit with a double

piston pump, a rack for two glass bottles containing reagent

and reactor washing solution, two photometers, a damping

unit, a reactor, a separating column, a precolumn and a two/

three-way valve, an online solvent degasser, and a chroma-

tography data handling system. The amino acid analytic

conditions were as follows: separation of the amino acid de-

rivatives was achieved by a flow of 200 mL/min at a column

temperature of 40�C. The reactor temperature was 115�C. The
presses of buffer and reagent were 60 and 7 bar, respectively.

Amino acid samples were separated by ion exchange chro-

matography and determined by reaction with ninhydrin.

Detection was conducted by a photometric detector using the

wavelengths of emission at 570 nm (except proline at 440 nm).

Seventeen kinds of amino acidswere identified by comparison

with retention times for amino acid stock solutions. For

determination of retention times, the reference standards

were injected individually. The concentration of each amino

acid was obtained by direct interpolation of the peak area in

the correspondent linear calibration curve (peak area vs.

concentration). These calibration curves were obtained over a

wide concentration range in concordance with the level of

each amino acid found in the samples that were analyzed.

Three replications were done for amino acid determination.

2.6. Bioactive compounds analysis

2.6.1. Determination of ascorbic acid
The ascorbic acid (AsA) content of walnut male flowers was

determined using the high-performance liquid chromatog-

raphy (HPLC) method with ultraviolet detection; the process

may be summarized as follows. Three replicates of 2.0 g of

fresh sample were diluted with 7 mL metaphosphoric acid

(6%, w/v) in a mortar. The homogenate was centrifuged at

10,000 rpm at 4�C for 10 minutes; next, the supernatant was

collected and diluted to 50 mL ultrapure water. The solution
was filtered with a membrane filter (0.45 mm filter; Millipore,

Boston,MA, USA), and then a 20 mL sample of it or the standard

solutions was injected into the column of the HLPC system.

The HLPC system was a Shimadzu system model LC-15C

(Shimadzu, Kyoto, Japan) and equipped with an autosampler

(SIL-10AF), an online solvent degasser, a system controller for

chromatography data analysis, a pump (2LC-15C), a column

oven (CTO-15C), and a UV detector (SPD-15C). Chromato-

graphic analysis was performed using an analytical scale

(150� 4.6mm, i.d.) andAlltimaC18 columnwith a particle size

of 5 mm (Supelco, Bellefonte, PA, USA). The HPLC conditions

were as follows: the mobile phase was 0.2% (w/v) metaphos-

phoric acid solution; the flow rate was maintained at 1 mL/

min, and the column was maintained at 30�C. Spectral data
from the UV detector were collected over the wavelength

range 210e400 nm. AsA was monitored at 254 nm [18].

2.6.2. Determination of total phenolic content
The total phenolic content (TPC) was assayed using the

FolineCiocalteu method as described by Conde-Hern�andez

and Guerrero-Beltr�an [19] with several modifications. Briefly,

1.5 g (d¼ 0.0001 g) of dried flower powder was extracted with

60 mL methanol (40%, v/v) at 50�C for 50 minutes and sub-

jected to ultrasonic wave treatment. The reaction mixtured-

which consisted of 0.5 mL extracted solution, 5.0 mL

FolineCiocalteau reagent, and 15mL Na2CO3 solution (20%, w/

v)dwas incubated at room temperature for 2 hours in the dark

and then diluted to 50 mL with ultrapure water. The absor-

bance of the reaction mixture was measured at 765 nm

against deionized water blank on a UVeVis spectrophotom-

eter (UV-2550; Shimadzu). Gallic acid (GA) was chosen as a

standard. The TPC in walnut male flowers was determined,

and results are expressed as mg GA equivalent per 100 g dry

sample.

2.6.3. Determination of total flavonoid content
The extraction of total flavonoid content (TFC) was performed

using the colorimetricmethod described by Feng et al [20] with

minor modifications. Rutin was used as the standard for a

calibration curve. In brief, dried flower powder (0.5 g,

d¼ 0.0001 g) was added with 30 mL ethanol (30%, v/v) and

incubated for 1 hour at 70�C in a water bath. The extracted

production was filtered, and the filtrate was used for the TFC

assay. The TFC was assayed by measuring the absorption at

510 nm using a spectrophotometer in 3 mL reaction mixture

containing 0.8 mL extract, 1.2 mL ethanol (30%, v/v), 0.5 mL

NaNO2 solution (5%, w/v), and 0.5 mL Al(NO3)3 solution (10%,

w/v). The TFC concentration was calculated from a calibration

curve using rutin as the standard, and results are expressed as

mg rutin equivalents per 100 g dry sample.

2.7. Antioxidant activity analysis

2.7.1. 1,1-Diphenyl-2-picrylhydrazyl radical-scavenging
activity
Dried flower powder (1.5 g, d¼ 0.0001 g) was extracted with

30 mL ethanol (50%, v/v) for 50 minutes at 50�C in ultrasonic

cleaner and then filtered. The filter was used for assaying the

antioxidant activity. The antioxidant activity of the extracts,

on the basis of the scavenging activity of the stable 1,1-

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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diphenyl-2-picrylhydrazyl (DPPH) radical, was determined

according to the method described by Motamed and Naghibi

[21] with a slight modification. In brief, 2 mL DPPH ethanol

solution (0.2 mM) was prepared and mixed with 2 mL sample

ethanol solution. Themixturewas incubated for 30minutes at

room temperature, and the absorbance was measured at

517 nm. The activity of radical scavenging was given as %

DPPH radical scavenging that was calculated using the

following equation (the DPPH solution without sample solu-

tion was used as a control; AsA was used as standard):
% DPPH radical scavenging ¼ control absorbance� sample absorbance
control absorbance

� 100
2.7.2. Ferric reducing ability of plasma
The ferric reducing ability of plasma (FRAP) was determined

according to the method described by Benzie and Strain [22]

with minor modifications. FRAP assay is a simple, reproduc-

ible, rapid, and inexpensive method that measures the

reductive ability of antiradical, and it is evaluated by the

transformation of Fe3þ-TPTZ to a blue color Fe2þ-TPTZ, as a

measure of total antioxidant capacity [23]. Briefly, 2.7mL FRAP

reagent {10:1:1 of 0.3 mmol/L sodium acetate buffer (pH 3.6),

10 mmol/L TPTZ [2,4,6-Tris(2-pyridyl)-s-triazine] solution, and

20 mmol/L FeCl3$6H2O solution}, prepared freshly and incu-

bated in a water bath at 37�C 30 minutes, mixed with 0.3 mL

sample solution, was used to measure the absorbance at

593 nm, with methanol as the reagent blank. The antioxidant

potential of the extract was determined against the standard

curve of FeSO4 (0, 25, 50, 100, 200, 400, and 800 mmol/L) in 0.1%

(v/v) HCl. The FRAP was expressed as mmol FeSO4 per 100 g

dry weight (DW).
2.8. Statistical analysis

Statistical analyses were conducted using SPSS 12.0 for Win-

dows (SPSS Inc., Chicago, IL, USA). Analysis of variance in a

completely randomized design and Duncan's multiple range

tests were used to compare any significant differences in

storage temperature, time, and the interaction between time

and temperature. Values were expressed asmeans± standard

deviations. All determinations were done at least in triplicate,

and all values were averaged. The confidence limits used in

this study were based on p< 0.05, p< 0.01, p< 0.001, or

p< 0.0001.
3. Results and discussion

3.1. Proximate composition

The appearance and proximate compositions of walnut male

inflorescences at different storage temperature (4�C and 25�C)
are shown in Figures 1 and 2, respectively. The water content
of the male inflorescences reached up to 85.53% (Figure 2A).

The data indicated that the initial moisture values of the

sampleswere high. It is worthwhile to keep inmind thatwater

content is the parameter that is, to some degree, variable for

“fresh” male inflorescences. At room temperature, a gradual

decrease in water content occurred from the 1st to 8th days

(reduced about 91.09%) and then remained unchanged up to

the last day (Figures 1 and 2A). The present finding indicated

that significant differences were not observed between the 1st

day and the 4th day, and then revealed a gradual decrease as

the cold storage was extended. The water content reduced by
about 8.37% in the first 4 days, and walnut male flowers began

wilting and browning at 25�C (Figure 1). However, 8 days later,

the water in walnut male inflorescences decreased by about

7.61%, and they only appeared wilting and browning under

cold stage. In this study, significant effects of temperature

(p< 0.0001), time (p< 0.0001), and their interaction (temper-

ature� time, p< 0.0001) were observed based on Duncan’s

multiple range tests. According to Zhao and Zhang [24], in

many horticultural products a water loss of more than 5%

would cause loss of freshness, wilting appearance, and even

loss of commodity value (Figure 1). The highest protein con-

tent (23.808 g/100 g) of walnut male flowers was observed on

the 1st day of storage (Figure 2B). A slight decrease in protein

content was found throughout the storage period. However,

the decreased amplitude of protein content during the whole

storage at room temperature was 14.81%, which was higher

than that observed under cold storage (11.35%). According to

Duncan's multiple range tests, storage temperature, time, and

their interaction all affected protein content at a significant

level (p< 0.0001). These might be due to the inhibition of the

proteolytic activity at cold storage [7]. The crude fat content in

walnut male flowers stored at room temperature decreased

significantly (decreased by about 34.43%) between the 1st and

6th days, and then remarkable differences were not observed

between the 8th and 14th days (Figure 2C). Although the fat

content remained unchanged up to the 8th day, it then showed

a slight decrease when cold storage was extended, and there

were also obvious effects of temperature, time, and temper-

ature� time on fat content according Duncan’s multiple

analysis (p< 0.0001). The losses might be attributable to the

fact that fats are rich in unsaturated fatty acid, which is sus-

ceptible to oxidation degradation [6,7]. And these results also

indicated that cold storage could reduce the loss of fats in

comparison with room temperature storage. No remarkable

changes (p> 0.05) in ash values occurred during the whole

storage period of this evaluation (Figure 2D). These results

indicated that ash was insusceptible to environment condi-

tions and less physiological activity. Different significant

levels were found in crude fiber (Figure 2E); temperature

(p< 0.0001) affects it more significantly than the time factor

(p< 0.001) and the interaction between time and temperature

(p< 0.05). Both groups of samples had a similar behavior in

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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Figure 1 e Appearance of walnut male inflorescence at 4�C (AeH) and 25�C (IeP) for storage at 0 day (A, I), 2 days (B, J), 4 days

(C, K), 6 days (D, L), 8 days (E, M), 10 days (F, N), 12 days (G, O), and 14 days (H, P).
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starch and titratable acid under different temperature condi-

tions, with a gradual decrease during the storage period,

whereas no significant differences were found in the first 2

days at 4�C (Figures 2F and 2G). During the whole storage

period, the starch and titratable acid decreased by about

64.67% and 55.02% at 25�C, respectively, whereas their loss

rates were 46% and 39.76% at 4�C, respectively. Both were

significantly influenced by storage temperature (p< 0.0001),

storage time (p< 0.0001), and their interaction (p< 0.01), which

indicated that cold storage could reduce the rate of respiration

and loss of energy substrate. The same decrease was observed

in titratable acid in loquat fruits during storage [4]. The two

kinds of treatment methods showed the same changing trend

in sugars from the first day to the last day (Figure 2H). How-

ever, at room temperature, an increase in sugarswas observed

from the 2nd to the 4th days; under cold storage, the same in-

crease from the 4th to the 8th days might be attributable to the

accumulation of more sugars because of the hydrolysis of

starch. According to Duncan’s multiple range tests, storage

temperature, time, and their interaction all affect sugar con-

tent at a significant level (p< 0.0001), and a significant decline

during the whole storage period was attributable to utilization

of sugar respiration process [5,6]. Rodrı́guez et al [25] had
reported that the saccharide content in vegetables changes

because it is the most important energy substrate in the

different metabolic processes that continue after the product

has been harvested.

3.2. Mineral composition

Themineral contents of walnutmale flowers stored at 4�C and

25�C are shown in Figures 3Ae3I. Among all the mineral ele-

ments, potassium content (30.08 g/kg DW) was the highest,

followed by phosphorus (5.61 g/kg DW), calcium (3.14 g/kg

DW), and magnesium (2.85 g/kg DW). Among all the micro-

nutrients, the highest contents were found in iron elements

(360.73 mg/kg DW), followed by manganese (120.54 mg/kg

DW), zinc (64.59 mg/kg DW), and boron (30.04 mg/kg DW). The

content of copper (25.34 mg/kg DW) was the lowest. These

values were similar to those presented earlier [10], which

further confirmed that walnut male inflorescences are a good

source of minerals. Moreover, our results showed that no

remarkable changes (p> 0.05) in mineral values occurred

during the whole storage period at 4�C and at 25�C. A slightly

significant change in phosphorus content was only observed

on the last day in walnut flowers stored at room temperature.

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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Figure 2 e Contents dynamic change in (A) moisture, (B) protein, (C) fat, (D) ash, (E) crude fiber, (F) starch, (G) titratable acid,

and (H) total soluble sugar of fresh walnut male flower stored for 14 days at 4�C and 25�C. Data are shown as

mean± standard deviation (n¼ 3). * The lowercase letters near the bar indicate statistically different mean among storage

days at p< 0.05.
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These indicated that the property of mineral elements was

stable and was insusceptible to external environment. Rodrı́-

guez et al [25] reported that mineral losses were low after the

vegetables were harvested, as well as during storage prior to

consumption.
3.3. Amino acid

As presented in Table 1, the content of amino acid compo-

nents in walnut male flowers changed with different trends

during the whole storage period. Moreover, the content of

amino acid components differed under different storage

temperatures (4�C and 25�C). The contents of threonine,
glutamic acid, glycine, valine, leucine, isoleucine, tyrosine,

phenylalanine, and proline increased in the initial stage and

then declined with the passing of storage time. The content of

aspartic acid and serine showed a trend of decreasing first,

then increasing and declining eventually. Furthermore, a

gradual decrease in alanine, cysteine and methionine, histi-

dine, lysine, and arginine contents occurred from the first to

the last day. An increase in some amino acid components

might be attributable to the hydrolysis of protein in the initial

stage, and the remarkable degradation may be attributable to

the result of the nonenzymatic browning of male flowers

(Maillard reaction), which involves condensation between

amino groups of amino acids with sugars. During the storage

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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Figure 3 e Dynamic changes of (A) potassium, (B) phosphorus, (C) magnesium, (D) calcium, (E) iron, (F) manganese, (G)

copper, (H) zinc, and (I) boron contents in freshwalnut male flower stored for 14 days at 4�C and 25�C. The data are shown as

mean± standard deviation (n¼ 3). * The lowercase letters near the bar indicate statistically different mean among storage

days at p< 0.05.
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Table 1 e Changes in amino acids of walnut male inflorescence during cold storage.

Amino acids Storage method Storage days

0 2 4 6 8 10 12 14

Asp CS 1.08± 0.08a 1.07± 0.11a 0.96± 0.04bc 0.90± 0.02c 1.06± 0.06ab 0.93± 0.02c 0.87± 0.01c 0.86 ± 0.04c

RTS 1.08± 0.08ab 0.98± 0.02bc 0.92± 0.01cd 1.05± 0.07ab 1.12± 0.10a 0.92± 0.01cd 0.83± 0.02de 0.79 ± 0.02e

Thrz CS 0.61± 0.04b 0.61± 0.02b 0.61± 0.02b 0.69± 0.02a 0.69± 0.02a 0.59± 0.02b 0.52± 0.02c 0.42 ± 0.02d

RTS 0.61± 0.04c 0.69± 0.04b 0.75± 0.01a 0.58± 0.03c 0.51± 0.01d 0.44± 0.03e 0.34± 0.02f 0.29 ± 0.04g

Ser CS 0.80± 0.02a 0.81± 0.02a 0.72± 0.02b 0.62± 0.03c 0.78± 0.02a 0.70± 0.02b 0.61± 0.02c 0.56 ± 0.03d

RTS 0.80± 0.02a 0.69± 0.05bc 0.64± 0.02cd 0.72± 0.03b 0.80± 0.03a 0.71± 0.01b 0.62± 0.03d 0.52 ± 0.02e

Glu CS 1.49± 0.04c 1.50± 0.02bc 1.50± 0.02bc 1.57± 0.02a 1.54± 0.01ab 1.49± 0.02c 1.43± 0.02d 1.34 ± 0.02e

RTS 1.49± 0.04b 1.53± 0.01b 1.59± 0.02a 1.47± 0.06b 1.39± 0.03c 1.30± 0.04d 1.23± 0.03e 1.13 ± 0.03f

Gly CS 1.16± 0.06bc 1.15± 0.01bc 1.16± 0.03bc 1.18± 0.01ab 1.23± 0.01a 1.19± 0.02ab 1.17± 0.01ab 1.11 ± 0.03c

RTS 1.16± 0.06bc 1.20± 0.02ab 1.21± 0.02a 1.24± 0.01a 1.20± 0.01ab 1.16± 0.01bc 1.12± 0.01c 1.04 ± 0.01d

Ala CS 1.20± 0.04a 1.20± 0.02a 1.20± 0.02a 1.08± 0.02b 1.01± 0.01c 0.92± 0.02d 0.83± 0.03e 0.62 ± 0.01f

RTS 1.20± 0.04a 1.03± 0.05b 0.93± 0.05c 0.80± 0.01d 0.59± 0.03e 0.46± 0.05f 0.35± 0.05g 0.31 ± 0.02g

Cys CS 0.06± 0.01a 0.06± 0.01a 0.06± 0.01a 0.05± 0.00a 0.04± 0.00b 0.03± 0.00bc 0.03± 0.01cd 0.02 ± 0.00d

RTS 0.06± 0.01a 0.06± 0.01a 0.04± 0.01b 0.04± 0.01b 0.03± 0.01c 0.02± 0.01c 0.02± 0.00c 0.02 ± 0.00c

Valz CS 0.90± 0.02b 0.91± 0.02b 0.90± 0.02b 0.97± 0.03a 0.96± 0.02a 0.89± 0.01b 0.81± 0.01c 0.76 ± 0.05d

RTS 0.90± 0.02c 0.95± 0.01c 1.03± 0.04b 1.14± 0.09a 0.97± 0.02bc 0.71± 0.02d 0.58± 0.02e 0.36 ± 0.03f

Metz CS 0.13± 0.03a 0.13± 0.01a 0.13± 0.01a 0.11± 0.01ab 0.10± 0.01bc 0.09± 0.01cd 0.08± 0.01de 0.06 ± 0.00e

RTS 0.13± 0.03a 0.13± 0.02a 0.11± 0.01b 0.08± 0.01c 0.06± 0.00cd 0.06± 0.00cd 0.05± 0.00de 0.04 ± 0.00e

Ilez CS 0.55± 0.04bc 0.56± 0.04bc 0.56± 0.03bc 0.61± 0.01ab 0.66± 0.02a 0.60± 0.03b 0.54± 0.02c 0.48 ± 0.03d

RTS 0.55± 0.04c 0.58± 0.03c 0.64± 0.02b 0.68± 0.02a 0.59± 0.02c 0.50± 0.01d 0.41± 0.02e 0.32 ± 0.01f

Leuz CS 1.12± 0.09bc 1.10± 0.06bc 1.14± 0.06bc 1.27± 0.01a 1.26± 0.02a 1.20± 0.01ab 1.06± 0.07c 0.95 ± 0.06d

RTS 1.12± 0.09c 1.20± 0.02bc 1.24± 0.03ab 1.31± 0.01a 1.20± 0.01bc 1.03± 0.06d 0.89± 0.08e 0.74 ± 0.03f

Tyr CS 0.30± 0.02cd 0.31± 0.02cd 0.30± 0.01cd 0.35± 0.01b 0.40± 0.02a 0.33± 0.02bc 0.30± 0.01cd 0.29 ± 0.01d

RTS 0.30± 0.02de 0.34± 0.01c 0.41± 0.02b 0.46± 0.02a 0.41± 0.01b 0.33± 0.03cd 0.29± 0.02ef 0.26 ± 0.01f

Phez CS 0.43± 0.11b 0.44± 0.01b 0.43± 0.02b 0.52± 0.02a 0.42± 0.01b 0.39± 0.01bc 0.34± 0.02c 0.33 ± 0.02c

RTS 0.43± 0.11cd 0.44± 0.03cd 0.53± 0.02ab 0.60± 0.02a 0.52± 0.01b 0.50± 0.02bc 0.40± 0.01d 0.32 ± 0.01e

Hisz CS 0.30± 0.03a 0.30± 0.01a 0.28± 0.01ab 0.26± 0.02b 0.23± 0.01c 0.22± 0.01cd 0.20± 0.01d 0.20 ± 0.01d

RTS 0.30± 0.03a 0.26± 0.02b 0.24± 0.01b 0.20± 0.01c 0.18± 0.01cd 0.18± 0.01cd 0.17± 0.01d 0.14 ± 0.01e

Lysz CS 0.58± 0.03a 0.58± 0.02ab 0.55± 0.02bc 0.53± 0.01cd 0.50± 0.01d 0.46± 0.01e 0.46± 0.01e 0.42 ± 0.01f

RTS 0.58± 0.03a 0.53± 0.02b 0.52± 0.02b 0.48± 0.02c 0.42± 0.02d 0.42± 0.02d 0.35± 0.01e 0.35 ± 0.02e

Argz CS 0.83± 0.05a 0.84± 0.04a 0.84± 0.02a 0.79± 0.01a 0.71± 0.01b 0.60± 0.01c 0.53± 0.04d 0.46 ± 0.02e

RTS 0.83± 0.05a 0.77± 0.01b 0.71± 0.03c 0.53± 0.04d 0.44± 0.06e 0.40± 0.01ef 0.36± 0.02f 0.30 ± 0.02g

Pro CS 1.22± 0.22b 1.24± 0.04b 1.24± 0.04b 1.31± 0.02ab 1.40± 0.01a 1.27± 0.04ab 1.21± 0.03b 1.00 ± 0.02c

RTS 1.22± 0.22b 1.23± 0.10b 1.31± 0.01ab 1.45± 0.02a 1.40± 0.01a 1.16± 0.06bc 1.03± 0.03c 0.82 ± 0.06d

EAA CS 5.47± 0.41a 5.47± 0.12a 5.44± 0.03a 5.76± 0.08a 5.53± 0.02a 5.05± 0.07b 4.53± 0.17c 4.06 ± 0.12d

RTS 5.47± 0.41a 5.54± 0.08a 5.75± 0.07a 5.60± 0.04a 4.89± 0.10b 4.25± 0.08c 3.57± 0.07d 2.86 ± 0.04e

TAA CS 12.78± 0.37a 12.80± 0.29a 12.58± 0.09a 12.82± 0.07a 12.98± 0.12a 11.90± 0.15b 10.98± 0.26c 9.86 ± 0.25d

RTS 12.78± 0.37a 12.62± 0.08a 12.80± 0.08a 12.83± 0.19a 11.84± 0.05b 10.31± 0.19c 9.06± 0.17d 7.75 ± 0.15e

EAA/TAA (%) CS 42.83 42.69 43.27 44.89 42.63 42.40 41.27 41.15

RTS 42.83 43.92 44.94 43.63 41.33 41.16 39.41 36.88

Data are presented as mean± standard deviation (n¼ 3).

Multiple comparison adopted the Duncan test; different lowercase letters (aeg) in each row indicate the significant difference among storage

time at p< 0.05.

CS¼ cold storage; EAA¼ essential amino acid; RTS¼ ambient temperature storage; TAA¼ total amino acid.
z Indicates the essential amino acids.
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process, subsequent reactions were not reversible, and some

amino acids were easily destroyed especially tyrosine,

alanine, glutamine, and cysteine. This result agrees with ob-

servations of Liu et al (change in alanine and cysteine) [26].

However, in our results, histidine, lysine, and arginine were

also easily decomposed during storage. Moreover, our results

showed that no significant changes in essential amino acid

(EAA) and total amino acid (TAA) values occurred in the first

eight days, but they declined later for walnut flowers stored at

25�C; however, the EAAs/TAAs of walnut male inflorescence

were all above 40%. Furthermore, at 4�C, the contents of

amino acid components in walnut male flowers showed no

remarkable difference in the first 2 days, then declined, and

the reduction was less than that at 25�C, which indicated that
LT can effectively reduce the degradation of amino acid

components in walnut male flowers. These results suggested

that some amino acids decreased at a slower pace under the

lower storage temperature because of the relatively lower

enzyme activity and respiration rate [2].
3.4. Bioactive compounds

The AsA content behavior in walnut male flowers during

storage is shown in Figure 4. The AsA content of samples at

the beginning of storage was about 102.32 mg/100 g. A rela-

tively sharp decrease in AsA was noted during the whole

storage period in walnut male inflorescences stored at 25�C,
and the content became almost undetectable on the 8th day. It

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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Figure 4 e Dynamic changes of (A) ascorbic acid, (B) total

phenolic content, and (C) total flavonoid content of fresh

walnut male flowers stored for 14 days at 4�C and 25�C.
Data are shown as mean± standard deviation (n¼ 3). * The

lowercase letters near the bar indicate statistically

different mean among storage days at p< 0.05.

Figure 5 e Dynamic changes of (A) DPPH radical scavenging

activity and (B) FRAP of fresh walnut male flower stored for

14 days at 4�C and 25�C. Data are shown as

mean± standard deviation (n¼ 3). * The lowercase letters

near the bar indicate statistically different mean among

storage days at p< 0.05. DPPH¼ 1,1-diphenyl-2-
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could be associated to the noticeable drying of male flowers,

as a result of higher water loss at 25�C. We observed a gradual

decrease in AsA at 4�C. Storage temperature, time, and tem-

perature� time all significantly affected (p< 0.01) the AsA

content during storage period according to Duncan's multiple

test. AsA was, by far, the least stable nutrient during storage,

and it was highly sensitive to oxidation [27]. Loss of AsA was

generally more rapid at higher storage temperatures [28].

Furthermore, Krüger et al [29] also confirmed that lower

temperature after harvest was considered to be important for

maintaining AsA content in horticultural products.

The total phenolic and total flavonoid contents of walnut

male flowers are shown in Figures 4B and 4C. It is obvious

that both temperature and storage time had a significant

effect (p < 0.05) on total phenolics and total flavonoids of

walnut male flowers and showed a trend of decline. The

content of total phenolics and total flavonoids in walnut

male inflorescences stored at room temperature decreased

significantly (decreased by about 42.04% and 41.86%,

respectively), and remarkable differences were not observed

between the 8th and the 14th days, which might be
attributable to the low water content in walnut male flowers

in the next few days that could have inhibited their meta-

bolism rate. However, there was a slow rate of decline

(decreased by about 28.01%) in total phenolics for the first 12

days in walnut flowers stored at 4�C. A gradual decrease in

total flavonoids occurred from the first to the last day

(p < 0.05). Storage temperature, time, and their interaction

had significant effects (p < 0.0001) on both phenolic and

flavonoid contents during the storage period based on Dun-

can's multiple test. These results also indicated that cold

storage could be effective in maintaining the content of

bioactive compounds. There are different results about the

effects of storage temperature on total phenolics and total

flavonoids of fruits and fruit juices. The TPC of apple juice,

pear juice, and grape juice increased significantly after stor-

age at 25�C for 9 months [30], but that of tomato juice stored

at both 25�C and 4�C was stable within the guarantee period

[31,32]. The TPC of pomegranate juice decreased by 20% after

storage for 160 days at room temperature [33], and the

decline in the rate of total phenolics and total flavonoids in

plum fruit was slower at 2�C than at 20�C [34]. Phenolics and

flavonoids had an unstable structure and high degradation

rate at high temperatures because of the high oxidation and
picrylhydrazyl; FRAP¼ ferric reducing ability of plasma.

http://dx.doi.org/10.1016/j.jfda.2016.05.010
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enzymatic activity [35,36], which coincides with our results

in this study.

3.5. Antioxidant activity

In Figures 5A and 5B, the DPPH radical scavenging activity

(ARP) and FRAP activity results of male flower extracts under

two storage temperatures (4�C and 25�C) are shown. ARP and

FRAP values of extracts reaching up to 86.63% and 3.79 mmol

FeSO4/100 g DW, respectively, on the 1st daymay be attributed

to the higher total phenolic and flavonoid contents at this

time. The ARP and FRAP values showed a trend of significant

decline with the passing of storage time (decreased by about

8.71% and 40.12%, respectively), and samples showed

approximately the same ARP and FRAP values after 8 and 10

days, respectively, at room temperature. This might be

ascribed to the different functional factors that played a

leading role in the different antioxidant activity assay

methods, and the different tolerance for external environ-

ment. Under cold storage, significant differences in ARP

values were not observed between the 1st and the 4th days of

storage, and then a gradual decrease in ARP values occurred

when the storage period was prolonged; the value was 86.63%

on the 14th day. A gradual decrease in FRAP values was

observed after 2 days, and the value was 3.00 mmol FeSO4/

100 g DW on the 12th day, after which no remarkable changes

were found. The FRAP value of walnut male flowers was

higher than those determined in the last year (2.06 mmol

FeSO4/100 g DW). The effects of temperature, time, and tem-

perature� time interaction on antioxidant activities were the

same as in bioactive compounds and reached a significant

level (p< 0.0001), according to Duncan's multiple test. It could

be possible that the variations in the TPC of walnut flowers

were influenced by the environmental conditions of growing

fields in different years. Most studies indicated that there is a

significant relationship between total phenolics and flavonoid

content and antioxidant capability, but during storage, the

changes in total phenols and antioxidant capability were

different depending on the experimental materials used,

storage temperature, and so on [30e38]. The present study

suggests that storage would decrease the antioxidant poten-

tial of walnut male flowers because of the oxidation of

phenolic and flavonoid compounds, which agrees with pre-

vious research results, such as those reported in pomegranate

juice [33], plum [34], and California almond [37]. However, to

some extent, cold storage could reduce the oxidation that

maintained the antioxidant capacity effectively. A similar

behavior was highlighted by Bolling et al [37], who studied the

influence of storage on polyphenol content and antioxidant

capacity of California almond skins, and by Guo et al [34], who

reported that lower storage temperature alleviated the

declining trends of total antioxidant capacity, DPPH radicals,

and hydroxyl radicals.
4. Conclusion

In this study, the contents of saccharides, protein, amino

acids, mineral elements, AsA, phenolic and flavonoid com-

pounds, and the antioxidant activities of walnut male flowers
under different storage temperatures (4�C and 25�C) with the

passing of storage time were investigated. The results showed

that storage temperature and time were important factors

when studying the effects of storage in walnut male in-

florescences especially on the following parameters: mois-

ture, saccharides, protein, amino acids, fat, AsA, and

antioxidant activities. During the entire storage period, we

observed a different degree of decrease in moisture, saccha-

rides, fat, protein, AsA, phenolic and flavonoid compound

contents, and antioxidant activities by prolonging the storage

period. Moreover, the loss rate of these components in walnut

male flowers at 4�C was less than that observed at 25�C. It
could be seen that the use of LT was more effective for

maintaining a high level of nutritive constituents compared

with that observed at room temperature. The effectiveness of

LT in delaying quality loss in walnut male flowers was

confirmed in our study. Furthermore, the data also showed

that no remarkable changes in ash and mineral values

occurred, and slightly significant changes were observed in

crude fiber during the whole storage period of this evaluation,

indicating that the influence of storage on the individual

mineral and crude fiber content was minimal. In order to

minimize the impact of storage conditions, it has been sug-

gested that walnut male flowers be stored at 4�C for 4 days. In

addition, to some degree, this study also confirmed that wal-

nut male inflorescences were a good source of protein, fiber,

mineral, and phenolic and flavonoid compounds, which could

be utilized as food for human consumption.

In this study, new detailed information is presented on the

effect of storage temperature on the nutrimental composition

of walnut male flowers, which could generate useful infor-

mation for consumers and may encourage them to consume

walnut male flowers at appropriate storage conditions. How-

ever, more complete and effective storagemethods to prevent

nutrient losses are necessary because of the high water con-

tent in walnut male flowers, which leads the products to

deteriorate and spoil easily by microorganism and chemical

reactions.
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